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SUMMARY

Cellular slime moulds (Dictyosteloids) are characterised by labelled single cells in migratingD. mucoroidesslugs. The
at least two different modes of slug migration. Most species, results show that cells in the prespore zone 8. mucoroides
e.g.Dictyostelium mucoroidegroduce a stalk continuously  slugs move in a spiral path. Although the velocity of single
during slug migration, while a few species, e.gDic- cells in D. mucoroidesis faster than in D. discoideumithe
tyostelium discoideunare characterised by stalk-less slug net forward component of their movement is less due to
migration and only produce a stalk upon culmination. their spiral trajectories. As a result D. mucoroidesslugs
Experiments onD. discoideumand theoretical model cal- move more slowly thanD. discoideumslugs The entire D.
culations have shown that D. discoideum slugs are mucoroidesslug also describes a spiralling path leaving
organized by a cAMP scroll wave in the tip which produces corkscrew shaped stalks behind. Based on these observa-
planar waves in the back. These waves guide cell movement tions we propose that cell movement iD. mucoroidesslugs
in slugs: spiralling in the tip and forward movement s controlled by a propagating twisted scroll wave of cAMP
parallel to the slug axis in the back. Simple changes in which extends throughout the length of the slug.

model parameters can lead to the formation of a twisted

scroll wave which extends throughout the slug. In order to

investigate whether such twisted scroll waves occur Key words: Morphogenesis, Slug, Excitable system, Chemotaxis,
naturally we have analysed the movement of fluorescently Scroll wave Dictyostelium mucoroides

INTRODUCTION Vork, 1979; Siegert and Weijer, 1991; Reymond et al., 1995;
Chen et al., 1996).
The cellular slime moulds are an excellent model system to There is a characteristic pattern of cell movemenm.idis-
investigate a wide array of biological processes including bioeoideumslugs: cells in the prestalk zone show vigorous rota-
logical oscillations, cellular communication, signal transductional movement around the central core of the tip, while cells
tion, cell differentiation and the cellular basis of morphogenein the prespore zone move straight forward in the direction of
sis. Morphogenesis in slime moulds results from differentiatioslug migration (Siegert and Weijer, 1992). From these obser-
of one cell type, the vegetative amoebae, into stalk and spovations the geometry of the propagating signal was deduced: a
cells and involves extensive chemotactic cell movement to gétree-dimensional scroll wave (spiral wave) produces rota-
the different cell types into the right place in the fruiting bodytional cell movement in the tip and planar wave fronts produce
All cellular slime mould species are characterised by a lifforward movement parallel to the slug axis in the prespore
cycle in which phases of vegetative growth alternate wittlzone. Computer simulations using the Martiel-Goldbeter
phases of morphogenetic activity. For the free-living amoebamodel of CAMP relay showed that conversion of a scroll wave
of Dictyostelium discoideumtepletion of nutrients is the signal into a series of planar waves occurs if there is a substantial dif-
to initiate multicellular development. Aggregation is mediatederence in excitability between the prestalk and prespore cell
by extracellular cAMP signals (Devreotes, 1989). The aggregsopulation or if only a part of the prespore population actively
gation centre produces periodic cAMP pulses which areelays the cAMP signal (Bretschneider et al., 1995; Steinbock
detected, amplified and relayed by surrounding cells leading &t al., 1993). These simulations showed furthermore that a
the formation of outward propagating cAMP spiral waves. Upwisted scroll wave extends from the tip to the rear of the slug
to the mound stage cAMP wave propagation can be seen idshe difference in excitability between prestalk and prespore
optical density waves using darkfield optics and digital imageells is small or if a high number of the cells in the prespore
processing techniques (Gross et al., 1976; Siegert and Weijeggne relay the signal. Under these conditions the core of the
1995). These optical density waves are correlated with shageiral extends from the tip to the rear of the slug. These results
changes which cells undergo upon stimulation with cAMPsuggested thd@ictyosteliumspecies which form a stalk during
(Alcantara and Monk, 1974). Although optical density waveslug migration (Brefeld, 1869; Bonner, 1982) might be
are no longer visible at later stages, many experimental resutisganized by a twisted scroll wave.
indicate that extracellular cAMP controls the movement of Despite the complex three-dimensional morphology and
cells in slugs and culminating fruiting bodies (Durston andemporal variation of the cAMP signal, there is a stable well
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defined p#tem of average CAMP concenétions over time in a
slug: the cAMP concerdtion is high in the p@oheral layer of
the pestalk one lower in the pespoe 2ne and gtremel/ low
in a cental funnel in the tip (Betsdneider et al., 1995).His
patem coincides irD. discoideunwith the cAMP equirements
for differentigion into the diferent types of mstalk cells and
prespoe cells: diferentidion of prestalk A cells equites high
levels of extemal cAMP while their fhal differentigion into
prestalk AB cells in the cerat funnel of the tip is tggered by
low levels of extemal cAMP (Beks and Kg, 1990)

To test the prdiction thaa twisted sall wave oganizsD.
mucoridesslugs ve investicated cell meement ptems. This
species behas essentiallthe same ab. discoideunduring
the ealy stages of deelopment (Rper, 1984). It also uses
cAMP as a hemotactic signal dimg aggregation and optical
density vaves ae visile up to the edy mound stge (Bonner
et al., 1972; Mullens and Mell, 1978; ovn unpullished
obsevations). The major mgpholagical difference betwenD.
discoideumandD. mucomidesoccuss duing the slug sige:D.
mucoridesslugs contimousy form a stalk vhile migrating
whereasD. discoideunslugs do not (Amndt, 1937).

MATERIAL AND METHODS

Cell culture and labelling

Wild-type Dictyostelium micomidescells were gown in associgon
with Klebsiella aeogeneson SB-ajar plaes @ 22°C (Sussman, 1987).
After 40 to 48 hows the bactéal lawn had teared and the cells ere
hawvested with a spgala. The amobae vere resuspended in KK2
buffer (20 MM KHPQyW/K2HPO4, pH 6.8) and wshed fre times with
KK2 to remove bactei.

For labelling with the vital ge Neutal Red 3Qul of a 0.1% Neul
Red solution (dissokd in KK2) were adied per ¥107 cells. After 1
minute of incub&ion cells vere washed twice in distilled ster,
density vas adjusted to>2® cells/ml and small dplets (1-2pl)
were placed on 1% ater ajar plaes (1% Difco Bacto-Aar in
distilled weter). Pldaes were incubzed & 18°C in bakes with a single
slit to allow light enty (Jermyn and Wiliams, 1991).

Two different methods ere used to lael cells with florescent
dyes. for filter loading &107 cells were resuspended in 1 ml of 10
mg/ml FITC-Detran (MW 20 kDa, Sigma) and gssed ttough a
nylon membane (Nytal HD-7um, Sdweiz. Seidengzefabrik Thal).
About 1% of the cells @re labelled ty this pocedue (Sigert and
Weijer, 1991). Altenaively, cells were stained with 5tdoromettyl-
fluorescein diaceta (CMFDA Cell Tradker Gieen, Molecular Ribes,
Inc.). Then X107 cells were incubded in 1 ml 1QuM CMFDA for 1
hour @ room tempeature (Knetit and Shelden, 1995). Cellsewr
washed twice with KK2 and méd with unldeled cells to affial cor
centation of 5% stained cells. After bothbelling stes cells vere
washed twice in distilled ster and tegted as desdved dove.

Video micr oscop y

Slugs vere obseved on a Zeiss Axiert microscope equipped with
x5, x10 andx20 Zeiss Plan-Neafhr objecties. Usuall, slugs vere
filmed from belav through the gar; for side vievs an gar Hock con
taining the slug as cut out and taed on its side as desmed by
Dormann et al. (1996).dTreduce light sd#éering on the slug suate
during fluorescence miascopy slugs vere submeged in mineal oil
(Siegert and Weijer, 1992).

A monodirome CCD video camar(Sayo, VC-2512) vas useddr
bright field recodings. The video signal as digtised with an AFG
frame gabber (Imaying Tedhnolagy, Inc.), contast enhanced and
averaged to educe noiselmages were acquied d intewvals of 10 or

20 seconds and st on an anafpue laser video disc (SONWR-
4000P). Fluoescence inging was done with a cooled CCD caraer
(Hamamé#su, C4880), thawas digtally connected to the AFG and
contolled by the HiPic softare (Hamamsu, \ersion 4.0). Tme
seiies were stoed on had disc and &nskmred to video disc after
wards. A computer combiled shutter locked the gcitation light after
exposue. The light intensity of the 100 W many arc lamp was
reduced to 10-50% with neatrdensity fiters.

Data analysis and ima ge processing

Labelled cells and slug tipsefe tracked mawally from the ecoded
sequences on a video monjtasing an OFG &me gabber (Imajing

Tedchnolagy, Inc.) and custom softare (Sigert and Weijer, 1992).
Optical-density wves in slugs wre visualised ¥ image subtaction
(Siegert and Weijer, 1995). Imge subtaction eveals diferences in
successie images, since stictures tha do not dange exhibit a
uniform grey level while the meing stuctures gpear as lack and
white bands. A gadient method as used to detect celbd in slugs
(Siegett et al., 1994). ¥ctor felds were calculéed tha descibed the
average movement aevetry pixel over a sharsequence of 16 ingas.
Resulting ectos were averaged to educe noise and to ingue vis

ibility. The \ectos indicde both diection and elocity of cell
movement. \élocity was encodedybthe length of the ector

RESULTS

D. mucor oides slugs sho w spiral cell mo vement

Visual inspection ob. mucoridesslugs migating on a veter
agar surice shws tha the stalk gtends fom the tip though
the whole bog of the slug and is left behind diog migration.
In Fig. 1A several slugs hae migated from the point of ggre-
gation towards a light soure on the left. ie stalks wre often
slightly twisted an efect which was @en moe pronounced in
the slug itself In Hg. 1B the stalk is twisted along itshale
length of moe than 5 mm. If slugs arkept under conditions
favourable for migration, stalks can be up tovaal centime
tres long FHg. 1C shavs a dose up viev (from bottom) of a
migrating slug Even within the slug bodthe stalk is twisted
in mary cases; in are cases the slugseve so stongly
deformed tha the twists ppeaed like beads on a stig. Fg.
1D,E shav the esults of computer sinfetions desabed in
detail by Bretsdineider et al. (1995).he shadedrgy tones in
D depict the cAMP vave front. The pestalk one to the left is
organised k a scoll wave, which becomes twistedt ahe
border betveen pestalk and prspoe cells. The twisting
occus because the gstalk cells a& assumed to be neor
excitable than the mspoe cells. e less xcitable prespoe
cells cannot elay the signal asaist as it is ppduced l the
prestalk cells esulting in slaver wave piopagation in the
prespoe zne and hence twisting of the sdirThe red colour
indicaes the caz of the twisted spal, which is defned as the
site of extremey low extracellular cAMP concerdtion. In E
the shadedrgy indicaes the outer bder of the slugwhile
the ed colour indictes the loction and shpe of the cae of
the twisted s@ll wave. The gpeaance of the stalk in the
computer simlation shaved a emakable similaity to stalks
in real D. nucomidesslugs.

The anajsis of cell meement in migating slugs shaed
that the cells did not me staight forward pasllel to the
direction of slug miggtion but followed a spial pah which
wound aound the stalk. i§. 2A shavs the antdor half of a
typical slug The pespoe 2ne has seral bulges which gves



Fig. 1. Migration with stalk brmation in
Dictyostelium mcomides (A) Slugs
migrating tovards a light soure on an gar
surface Bar, 500um. (B) A twisted stalk
several millimeters long left behind dimg
slug migation. Bar 500pum. (C) Close up
view of a migating slug Note the twisted
stalk in the intepr of the slug

(D) Computer simlation shaving the
cAMP wave front (shevn as a gey shaded
isosurfice) and the cerof the spial (red).
(E) Computer simlation shaving the
region of constant v CAMP concenttion
(red) and the outer baer of the slug
cylinder.

the slug a twistedmpeaance The stalk is onyl slightly twisted
In order to quantitee cell mavement ve anaysed time lpse
videos of slugs, in hich 1-5% of the cells are fluorescenty
labelled with florescein detran or Cell Tadker Green. kg.
2B-E shaevs two adjacent sections of the slug in A (indexh
by the squass in A) and the coesponding &locity vector

fields. \élocity vector felds indicée the diection and speed

(encoded as the length of thectos) of cell m@ement. As
can be seen inig: 2D,E the cells within the ulges mwoed &

a step angle to the daction of slug meement. On} within

the intesections beteen lulges did cells mee in the diection
of slug migation (from left to ight). Time lgpse videostdow

magnificaion shaved tha labelled cells éllowed a spial pah

along the slug axisxeept in the tip egion where they shaved
clear otaional morement as also obsed inD. discoideum
These obsestions sugest thaa twisted sall wave of cAMP
originating from the tip oganises cell meement. he scoll

wave causesataional cell myement in the tip and segs as
a pacemadr for the pespoe cells. At the bater betveen the
prestalk and mspoe mne the swll wave transbrms into a
twisted scoll wave leading to the obserd spial cell

movement in the @spoe one

Movement speed of slugs and single cells in the
prespore zone

Table 1 shavs tha D. mucomwidesslugs mee with half the
speed ofD. discoideumslugs. A similar alue br D.

Twisted scroll waves organize D. mucoroides slugs 1833

mucomidesslug migation was pulished ly Samuel (1961).
To detemine whether this shver slug speed a&s causedyb
slower cell myement veé measwed the speed of singleufl
orescenty labelled cells in the gspoe ne As can be seen
in Table 1, D. mnucomidescells mae signifcantly faster than
D. discoideuncells. Thus the slover speed oD. mucorides
slugs nust be due to the lesserfielenoy of spimal cell
movement in poducing brward mosement.

Periodic tip mo vement

The typothesis tha a twisted sa@ll wave oganises D.
mucomides slugs equires oscilléory signalling and kemae
tactic cell meement. herefore we seached Pr peiodic
events duing the migation of D. mucomidesslugs. Tme Igse
videos of migating slugs shwed tha the tip undegoes
petiodic velocity dhanges. Fg. 3A shavs an &tremely long
slug whose meement vas flmed over a peiod of moe than

Table 1. Compaison of slug and cell mgement speed
Slug mavement
9.6 um/minute+3.2

Cell morement
22.3um/minute£5.4

D. mucomides

n=20 n=70
D. discoideum 16.7pum/minute £5.7* 17.3pum/minute £5.2*
antefor-like + psp cells psp cells

*From Sigert and Weijer (1992).
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A

Fig. 2. Movement of fliorescenty
labelled cells in &. mucomidesslug
(A) Brightfield image of the antéor

2/3 of a migating slug Bar, 100pum.
(B,C) The same slug as in A vied
under gcitation light to visualize cells
labelled with Cell Tadker Geen. he
black rectangles in A indide the
locaion of the photgraphs.

(D,E) Velocity vector felds of B and C
obtained l calculding the
displacement of the ight pixels over a
seiies of 16 success images (160
seconds). fie length of the ectors

>-/.‘. g
P

- e oy
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indicates meement speed

20 mirutes. Rriodic tip morement vas quantiteed by time-
space plots (Sgert and Weijer, 1995). kg. 3B shavs the most
anteror pat of the tip. The windav indicaes the position of
the line of pixels which was stoed for successe time points.
After the end of the xpeliment these lines are displyed
below ead other esulting in a time-space ploti¢F 3C). The
dak grey ara on the ight represents the migting slug
Movement of the tip to the left is sha as the d&r area
advances fom top to bottom in the time-space plothel
straight ed@ of the d&k area indictes thaslug mvement vas
constant wer time The slope epresents the mament
velocity of the slug Supeimposed on this stight ed@ is a
petiodic signal vhich indicaes peiodic fast adances of the
tip. Hg. 3D shaevs translocéion of the tip ecoded & 10
second interals. Tip movement shws a d¢ear peiodicity of
2.2 mirutes.

Darkfi eld waves in the rear of slugs
In about 10% of all slugs iresticgated we obseved optical

density vaves in the most posier pat of the pespoe region.
These vaves epresent &int moduléions of the optical density
of the cell steam and ppeaed to be caoelaed with shpe
changes which cells undego upon tiemotactic stinalation.
Fig. 3E shavs an enlagement of the &a indicéed ty the Back
squae in FHg. 3A. We used time-space plots tové@stigate the
petiodicity and popagation velocity of the &int optical density
waves in this parof the slug Hg. 3F shavs the time-space
plot. The optical density aves g@pear as slighyl tilted hor
izontal stipes which propajate from left to ight. Fom the
distance w deived a pdod length of success waves of
4.03t1.39 minutes (=15). Fom the slope & deived an
average popagation speed of the awes of 79.8um/minute+25
(n=16). These walues carespond well with measuements of
cell morement in mounds oD. discoideum(Siegert and
Weijer, 1995). At the laver right comer of Hg. 3F one can see
stiipe pdtems oiented opposite to the optical densitawes
(propagating from right to left). These a& due to cell
movement in the dection of slug meement and optical
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Fig. 3. Periodic events in aD.
mucoroidesslug (A) An
exceptionally long slug in vhich
both peiodic tip morement and
wave piopagation could be
measued Bar, 200pm. (B) The
foremost parof the tip. The
black rectangle indicees the
location of the windev used ér
the constuction of the time-space
plot. (C) Time-space plot.

(D) Rate of tip mawement as
detemined ly plotting the
displacement of the tipevsus
time. (E) Enlagement of the thin,
stream-like pat of the slug
indicaed ty the Hack rectangle
to the ight in A. (F) Time-space
plot. (G) Subtaction imae

movement rate (pm/min) O

prepared flom E and tw 0 L . L
successie images talen a 10 0 6 12 18
second intarals. time (min)

density vave piopagation. Measuements of the slope of these
waves Yyielded an werage cell moement speed of 18
pm/minute£2.9 (1=13). To visualise the optical densityawes

in Fg. 3G moe dealy we used an inge subtaction
algorithm. Often these aves tavelled in pais of two or thee
dak bands and theirumber seemed to inease twards the
rear of the slugOur impession is thiathese goups of bands
represent cell shze dangs to just one passing cAMP signal.

A twisted scr oll wa ve can con vert into planar wa ves

The obseration of planar vave fronts inD. mucomidesslugs
is not consistent with theypothesis thaa twisted saill
organises cell meement in D. nmucomwides However we
obsewed optical density ewes ony in slugs vhich were
extremel elongted and had ursualy flat prespoe znes.
Normal slugs a ebout 50 to 100 cell diametethidk. Slugs,
in which we could measer optical density aves, were only
3-8 cell diametey thidk and esemlked in this espect ggre-
gation steams. W& perbrmed computer siolations using the
model and pameter sets desbed ty Bretsdineider et al.
(1995) in oder to eplore the possibility thaa reduction in
slug diameterasult in the érmation of planar vaves. & dhose

conditions vhich initiated a twisted sotl wave in a slug of 40
cells diameter and obsexd wha hgpened if this twisted
scoll wave piopagated into a domain of onl4 cells diameter
As shavn in FHg. 4 a eduction in slug diameter causes the
formation of planar vaves fom a spial wave. In the domain
whetr the slug is 40 cell diametethik the wave popajates

as a twisted sofl. However, as this vave popagates into the
thin domain the sofl cannot be mpagated and a sés of
planar vaves brms.

DISCUSSION

Oscillator y behaviour in slugs

If D. nucomwidesslugs ae oganised ly chemotactic signals
and wave piopagation, it should be posdibto obseve perodic
cell behaiour. cAMP stimulated cells mue tavards inceas
ing chemodtractant concendtions and stop mang when a
wave front has passed (Alcangéaand Monk, 1974; Deeotes,
1989). W found dear eidence or pefodic events in
migrating D. nmucomides slugs. The tip undengnt perodic
movements tian aerage perod of ébout 3 minutes similar to
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Fig. 4. Computer siralation of
wave piopagation in aD.
mucomidesslug (A) Brightfield
image of a slug with a long and
thin tail. (B) Isosurdce of a
propagating CAMP wave.

the peiodic tip progression measad duing the etension of
culminaes ofD. discoideun{Durston and @rk, 1979; Duston
et al.,, 1976).D discoideumculmingion andD. mucomides
slug migation are essentiayl similar ezents since the both
involve morement of a mass of cells alongoanfiing stalk. he
cellular basisdr the peiodic tip extension (kg. 3D) is untear
but could esult fom syndironised shpe danges after passe
of a CAMP wave or altenatively from the peodic extension
of the stalk itselfHowever, it could also be causeg b gadual
build up of tension due to cells adhey to the stalk, Wich is
petiodically released ¥ a slippge of the cell mass along the
stalk. Claification of possilte metanisms has toaait further
expeliments.

We also obserd the popagation of optical density aves
in the bak of D. mucomwidesslugs. InD. discoideuncAMP
wave piopagation can be seen as an optical denséyenduing
eaty aggregation and in mounds (Rietdorf et al., 1996hel
optical density \aves epresent the mpagating cAMP signal
(Tomaik and Dereotes, 1981). IrD. discoideumit is not
possible to see the mves aymore, most likely since the ear
ends of slugs ar to thik. In the thin postéors of D.
mucoridesslugs, hawever, they are deaty visible and sha
condusively tha slugs ae oganised |y propagating waves of
a themodtractant.

A twisted scr oll wa ve organises D. mucor oides

slugs

Time-lgpse video ecodings of floresceny labelled cells
combined with single celladking and elocity vector analsis
shaved tha single cell mgement bllowed the pth of a
twisted scoll in all D. mucomidesslugs ivestiggted These
cells do not mee staight forward but descibe a cokscrew
forward motion aound the stalk. Nertheless werall slug
movement is saight forward. Futhemore this peculiar type
of cell morement led to almmacteistic chang in slug shpe:
mary slugs vere cokscew shged This type of cell
movement sugested thathe unddying chemotactic signal is
a twisted sall wave. Obviously the twisted shage of the
chemotactic signal can lead egsib a twisting of the Wwole
cell mass.

In the mahemaical model twisted sotls occur if thee is
just a slight diference in the xcitability between the pastalk
and pespoe cell populéion. If the pespoe cells ag less
excitable than the pestalk cells the sofl in the tip becomes
deformed when ppbpayating into the less eitable prespoe

cells. A lager difference in gcitability leads to the fuher
twisting of the vave fronts until the twist is so sing tha wave
fronts beak of and orm planar vaves in the pespoe mne as
in D. discoideun{Bretstineider et al., 1995).hEre is eason
to suppose thahe diference in gcitability between pestalk
and pespoe cells inD. mucomidesmight not be asrga as
in D. discoideumsince theg is a continous e-differentigion
from prespoe to pestalk cells dung the slug migation
(Gregg and Dais, 1982). Up to 90% of the initial cell mass
can be usedof stalk brmaion. Cells fom the pespoe zne
have to be hle to migate into the moe excitable tip zone in
order to eplace diferentiaed stalk cells Wwich ae left behind
in the stalk dung migration (Bonney 1982). his necessitydr
sotting and cell type corersion could impy tha prespoe and
prestalk cell might dffer only slightly in their diemotactic and
relay propeties.

We sugjest tha the pestalk cells actuafl relay less effi-
ciently than inD. discoideumThis conjectug could &plain
two expeiimental ficts: fist, the pesence of a soll wave and
second the @maure formaion of a stalk. A lav excitability
of the pestalk cells wuld reduce the ditrence in &citabil-
ity between both cell types and tledore lead to a twisted suli
wave. Futhemore, a lover ecitability in the pestalk one
would result in a lever average CAMP concenétion in the coe
region of the tip thusdvouring premdure stalk diferentigion.

Migration with stalk f ormation ver sus stalk-less
migration

The slug stge endles cellular slime moulds toniil an optimal
location for fruiting body constuction.D. discoideunslugs ae
sensitve to light, pH, wlatile chemicals anden slight dif
ferences in tempeture (Bonner 1994). These Ailities allow
them to migate tovards the sudce of the litter satum thus
to have a better ltance ér spoe dispesal. Compason of
different species shs tha there ae two basic modes of slug
migration: migation with stalk brmaion and migation
without stalk brmation. Out of 50 knwn species of cellular
slime moulds onl four species sho stalk-less miggtion
(Bonner 1982). e olvious adantage for stalk-less miggtion
is tha there is no loss of cells dimg migration. D. nmucomides
slugs lose up to 95% of their cell mass idgrprolonged
migration and fuiting bod/ constuction. Duing this pocess
prestalk cells dfierentige to stalk cells, die and ¥ to be
replaced ly a re-differentigion of prespoe cells. Pespoe cells
are theefore contiruousy lost thus educing the déctivity of



spoke dispesal. In contastD. discoideunioses elaively few
cells duing migration: usualy 50-70% of all cells of an
aggregate become spes. Fom these obsestions and the
results pesented in this per it could be ypothesied tha
migration with stalk brmaion is the moe pimitive form,
since it is less &tient and may cells ae sacificed

We thank Dr C. NDavid for caefully reading the mauscipt, Dr
J. T. Bonner or his helpful comments and Bretsdineider ér per
forming the model calculeon. This work was suppded by the
Deutshie Forschungsgmeinsbaft (We 1127).
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